ABSTRACT This paper analyses the relationships between HIV/AIDS and education taking into account the appropriative nature of child income. Using a theoretical model, we show that considering remittances from one's child as an insurance asset can reverse the usual negative relationship between disease prevalence and educational investment. This prediction confirms the results of an empirical study conducted on data compiled from the Demographic and Health Survey (DHS) database for 12 sub-Sahara African countries for children aged between 7 and 22-years-old. Using regional HIV prevalence as a measure of health risk, we find that the 'sign of the slope' between health risk and the enrolment of children is not constant. Splitting the data based on expected remittance patterns (for example rural versus urban), we obtain that the effect is most likely driven by household characteristics related to child income appropriation.
Introduction
It is now well established that intergenerational transfers within the family play a key role in coping with risk in developing countries. For example, revenue from one's offspring can be used as security or as an insurance mechanism against shocks hurting parents. In this paper, the mechanism is used to re-investigate the relationship between health risk and education (as a way to increase the future revenue of an offspring). In particular, we analyse the extent to which this insurance role of education can explain the positive correlation observed between HIV prevalence and educational outcomes in real data for some given sub-populations, something we consider as an empirical puzzle. This paper draws from three fields of economic literature: (i) the relationship between disease and economic development at the micro level, that is how a health shock may jeopardise a household's future capacity to save, accumulate and generate future income (Flores, O'Donnell, & van Doorslaer, 2008; Kawabata & Xu, 2002; Wagstaff & van Doorslaer, 2003; Xu et al., 2003 ; and all the subsequent literature about 'catastrophic expenditures'), (ii) child labour and child income appropriation by parents (Basu & Van, 1998; Schoonbroodt & Tertilt, 2010) and in general the analysis of intergenerational remittances as an intrinsic characteristic of the developing world (Lucas & Stark, 1985) , and (iii) educational choice as an insurance in the absence of social security, the most common situation in a lot of African countries (Ehrlich & Lui, 1991) .
Investment in children, both quantitatively and qualitatively, is an asset for parents, especially in developing countries. In these countries it is often seen as a substitute for social security, particularly in the old-age period of parents, which is usually characterised by the absence of labour income and elevated health risk (Ehrlich & Lui, 1991; Michel & Wigniolle, 2007; Nugent, 1985) . Yet the fundamental nature of any insurance asset is that it is mobilised differently depending on the realisation of a risk, that is actual repayments are contingent on the occurrence of a bad event.
Starting from this point (and focusing on the qualitative issue only), we add to the idea of investment in children as an insurance the notion of changing appropriation, that is the intensity with which parents invoke their 'rights' on the income of their descendants is allowed to vary depending on their health status, in a manner similar to other insurance assets. This is not only inspired by the need to draw a parallel with the classic insurance framework, but can be connected to the notion of 'child income appropriation' (Schoonbroodt & Tertilt, 2010) . In a number of developing countries, the property rights on labour-income are shared between the different members of a household and, at least partially, submitted to discretionary re-appropriative decisions coming from the household as a community. Bazen and Salmon (2010) and McIntyre, Thiede, Dahlgren, and Whitehead (2006) showed that 'child labour' and 'premature removal from school' are connected to health shocks, suggesting that child income indeed plays the role of an insurance asset, with repayments contingent on a bad event. The recent paper of Maccini and Yang (2009) follows a similar direction, but links schooling decisions to a different type of shock (rainfall shocks) and focuses on the asymmetric effect between girls and boys in the household as in Duflo (2000) . More generally, if we extend the analysis to fields outside schooling choice, numerous authors, such as Fafchamps (1992) , Harrower and Hoddinott (2005) and Park (2006) , consider that shocks are insured through risk sharing networks and that remittances of labour-income act as contingent repayments in case of negative shocks (Conroy, Blackie, Whiteside, Malewezi, & Sachs, 2006; Gertler & Gruber, 2002; Lucas & Stark, 1985; Stark & Lucas, 1988) .
Although the idea of changing appropriation is quite general, we focus in the following on the effect of HIV prevalence on education. Indeed, on top of being the main cause of premature adult mortality, HIV-AIDS doesn't directly affect children at school-age, which eases the identification of our effect.
In the following, we first present a simple theoretical model to provide some insights into the relationship between the risk of a health shock (on adults) and schooling (of children) where education is considered as an insurance asset. We include in the modelling the property of 'changing appropriation' in case of a bad event. In the model, the health risk has the property to declare when parents are young adult and to last during the retirement period as for the HIV-AIDS case. We interpret the impact of a health shock on households' educational choice in a totally new manner which allows dealing with an empirical 'puzzle' in the HIV-AIDS domain. Indeed, our empirical strategy will point out, in accordance with the theoretical model, that an increase in the HIV-AIDS prevalence may have a positive effect on the education of children.
Theoretical model
In this section we build a stylised theoretical model to highlight the importance of child income appropriation for the relationship between education and HIV prevalence. We are more precisely interested in analysing the impact of changing appropriation (that is the fact that the part of child income appropriated by the parent can depend on the latter's health) on the effect of prevalence on the educational choices by parents. While the literature examines the quantitative choice (that is fertility) in response to health shocks (Becker & Barro, 1988) , we focus here on the qualitative decision on education enrolment, modelling a two-person household.
The aim in this first part of the paper is to highlight the effect of 'changing appropriation' on the relationship between education and health risk, in the simplest model possible. For this reason, we abstract away from decision on the quantity of children and from all the parental motives for education other than remittances (for example descending altruism). These other motives should not change our results, insofar as they do not change depending on the health status of the parent. As we want to focus on the educational decision in face of risk, we assume that, when taking his decision, both the parent and his child are healthy.
In the first period (activity period), the parent has a revenue, ω, and chooses the proportion of time he educates his child, t. When not enrolled in the educational system, that is in a proportion 1 À t ð Þof the same period, the child earns for the household a wage ω i that can differ among children depending on a set of characteristics. The time spent in school leads to an increase in this 'basic' wage in the second period. We denote by ρ the return on each unit of time spent in school, so that choosing t in period 1 gives as child income 1 À t ð Þω i in period 1, and an income of 1 þ ρt ð Þω i in period 2. The health risk arises in the first period after a decision on the education of the child has been made. We model health risk as risk on wealth. With probability p, the parent falls ill for both periods. To make it more concrete, the value of p will be approximated by the prevalence of HIV. For the sake of simplicity -and consistent with the pattern of HIV/AIDS -we assume that no seropositivity is declared in the second period. The parent, if ill in the first period, loses an amount 1 of his revenue for that period and an amount 2 of his second period revenue.
The second period is modelled, for simplicity, as a period in which the parent does not personally earn money but rather relies on the appropriation of his child's income (in accordance with the literature on old-age security). Though the presence of incomes would not affect our results, it makes it more tedious to obtain. We assume that the monetary cost of illness is higher in the first period than in the second, that is 1 > 2 . This is because while in the second period the loss of revenue is only due to health costs, in the first period this loss is not only due to health costs but also due to the loss of work time which translates into an income loss.
The key mechanism of our model is the assumption that the proportion of child income appropriated by the parent in the second period differs according to the parent's health status and that this proportion also differs across children. The variation may be explained, for example, by gender (Duflo, 2000; Maccini & Yang, 2009) or location (urban/rural, de la Brière, Sadoulet, de Janvry, & Lambert, 2002; Nugent, 1985) . To be precise, we assume that the parent appropriates a proportion δ of his child's revenue if healthy and a proportion δ þ Δ i if unhealthy, where Δ i is not necessarily homogeneous among children; and we analyse how a positive Δ i can impact the relationship between education and prevalence, that is the sign of @t @p . This assumption is borrowed from the literature showing that 'remittances' -generally observed among migrants -act as informal insurance. After Lucas and Stark (1985) a series of papers have related the levels of remittances with adverse shocks: Azam and Gubert (2006) , Gubert (2002) or recent contributions of Halliday (2006) and Ratha (2010) (that use earthquakes as the 'bad event'). Regarding health shocks, it has been shown that remittances specifically increase in response to medical expenses of beneficiary households (Miller & Paulson, 2007) . In Cox, Eser, and Jimenez (1998) , the social security motive is attested by the magnitude of the parent's age in determining remittances. Migrant remittances are in fact a special case of informal insurance systems within communities. These systems need 'reciprocity' (Fafchamps, 1992) , 'punishment' (Rapoport & Docquier, 2006) , 'coerced altruism' (Alger & Weibull, 2009) or 'stable networks' structures in communities (Bloch, Genicot, & Ray, 2008) to insure that risk-sharing is effective (that is that the system of repayment is actually self-enforcing). For our purposes, we decide to roughly summarise these different forms of coercion by a non-negotiable appropriation rate δ þ Δ i applied on child income, in which Δ i represents the contingent part of the repayment (in percentage). If we set β as the discount factor between the two periods, the problem of the parent in period 1 becomes:
where
For the model to remain tractable and realistic, we further assume that, if healthy, the parent is always richer in the first period than in the second period, that is
and always better off healthy than unhealthy, that is
. To capture the role of 'changing appropriation', we first analyse how disease prevalence impacts the educational choice in a baseline model where appropriation is the same irrespective of the health status of the parent, that is Δ i ¼ 0. We compare this to the case where, through appropriation, education can play an insurance role Δ i > 0. We show that while optimal education is decreasing with disease prevalence in the baseline case, the asymmetric feature of appropriation can lead to a positive relationship.
The benchmark case: no insurance role for education (
Let us first assume that appropriation of child income by the parent does not increase in case of disease, that is Δ i ¼ 0. In such a case, the first order condition of Equation (1) writes:
That is:
To analyse the effect of disease prevalence, p, on the optimal time spent in school, t, we define
and use the Implicit Function Theorem:
, that is, in this benchmark case, the sign of
. This can be summarised in the next proposition: Proposition 1. If the proportion of child revenue appropriated by the parent does not increase when ill, that is Δ i ¼ 0, the level of education, t, decreases with disease prevalence, p, whatever C 1 and C 2 when preferences are CARA and if
when preferences are CRRA When Δ i ¼ 0, the differences in income between the two states of nature (health/ill) reduce to illness cost in both period: C 2 À C 2 ¼ 2 for any t (and C 1 À C 1 ¼ 1 for any t). In that sense, the income risk faced by the parent is independent of the level of education he chooses for his child. Therefore, the educational choice reduces to a wealth transfer between the two periods. In this benchmark case education then plays the same role that savings would play. Therefore, in a richer version including savings, only one instrument would be used at the optimum, when appropriation has no insurance role (Δ i ¼ 0). As 1 > 2 , for a given risk preference, an increase in risk would then lead to a wealth transfer from the second to the first period (that is a decrease in education). In the general case, this effect however interacts with an income effect through the change in (absolute) risk aversion due to change in wealth. Constant Absolute Risk Aversion (CARA) preferences abstract from this second order effect. In the case of CRRA preferences, we need in addition that the ratio of the income losses due to illness between the two periods be lower than the ratio of incomes between the two periods when healthy, which seems to be in line with the definition of the second period as a retirement period.
Therefore, our benchmark case result is a direct consequence of the intertemporal smoothing decisions obtained in this framework. A health shock implies, first of all, household impoverishment, with income losses of 1 and 2 . For 1 > 2 , we have that the education decision is downsized, to compensate potential income-loss in period 1. The slope between health risk, p, and the level of education, t, is then negative as in Fortson (2011) , who uses a different micro modelling technique (human capital decision and mortality risk).
Assuming an insurance role for education
We now assume that the part of child revenue appropriated in period 2 by the parent is higher in case of ill health, that is Δ i > 0.
When Δ i > 0, the first order condition of Equation (1) becomes:
Note here that two forces are at play when we compare Equation (5) to Equation (2): (i) an extra negative term appears in the numerator of Equation (5) and (ii) Δ i (positive) increases C 2 so that we now have
On the one hand, education has a higher return for the parent due to their ability to appropriate more, but on the other hand, the extra (expected) wealth in the second period reduces the need for education for intertemporal consumption smoothing. Therefore, the sign of @g @p highly depends on the time preferences of the parent (that is β). More precisely, @g @p is positive if and only if β is low enough:
, that is under the same condition (although evaluated at another equilibrium) than the one needed for
As stated in the previous section, the first term of Equation (6) is positive for all increasing and concave utility functions. In these cases, the first two terms of the brace are negative. However, the sign of the last term of the brace depends on the shape of risk aversion with respect to income. It is nil in the case of CARA and negative if the absolute risk aversion À When Δ i > 0, the effect of illness is no longer independent of t in the second period. Indeed, we have
Moreover, education then corresponds to a transfer, not only between periods, but also between states. In that sense, education has an insurance motive. This is likely to modify how investment in education responds to health shocks. At least two effects are at stake: (i) Δ i increases the expected return on education (all the more as p increases), (ii) Δ i decreases the size of the risk in the second period (all the more as t increases). The aim of the current section is to analyse the effect of these two mechanisms on the relationship between education and health risk.
In the other case, that is if β > β, the level of education increases in p (with β > 0 whenever 1 > 2 in the CARA case, and β > 0 if and only if
-that is under condition (4) -when utility is CRRA).
Remark 1. The role of changing appropriation (that is the 'insurance role' of education) can be inferred from this condition. When Δ i is positive, the negative slope between prevalence and education (found when Δ i ¼ 0, see Proposition 1) has a lesser validity set. For a high level of β (that is β > β), we even find that the sign changes, with the slope becoming positive. In that sense, the existence of extra-appropriation contingent to illness can lead to a positive relationship between education and health risk.
The intuition behind this result is quite simple. Assuming a change in the degree of appropriateness under bad health gives education an insurance role, calling for an increase in education when risk increases. The total effect of an increase in disease prevalence depends on whether this 'insurance effect' dominates the consumption smoothing effect found in the previous section. According to Proposition 2, the insurance effect dominates when the discount factor is large enough, that is, when the weight of the second period (the one in which education plays its insurance role) is large enough in the intertemporal utility function. Therefore, if both savings and education were included in a richer modelling, they would be effectively used at the optimum, with the result that saving would play the role of intertemporal consumption smoothing, and education would only be used for its insurance motive. It should be noted that Proposition 1 and 2 (and therefore Remark 1) holds whatever C 1 and C 2 for CRRA utility functions in the case of health shocks proportional to wealth.
Remark 2. Note that the proposition 2 correlates p, at a given period, with t, at the same period, suggesting that the empirical test can simply consist in testing the relationship in the contemporaneous observations of t (education) and p (prevalence).
Identification strategy: the HIV/AIDS and school enrolment relationship
The theoretical results (Proposition 1 and Proposition 2) provide us with explanations for any positive correlation that could be observed between regional HIV prevalence and school enrolment in SubSaharan Africa (SSA). The model shows that, if parents expect to be able to receive help from their children, they would be more likely to invest in the education of their descendants when the HIV-risk increases, at least under certain circumstances (depending on Δ i ). Empirical investigations support these mechanisms if we find that (i) the relationship between health risk and education is generally negative when parents expect not to be able to appropriate more from their children when in ill health, but (ii) can become positive when education plays an important insurance role, for example for sub-groups that are presumed to present the characteristic of highly appropriable children's income. In the next sections, we investigate these implications on microdata assuming that child or parent/household characteristics lead to different values of extra-appropriations opportunities, Δ i , that is, to heterogeneity in the insurance role of education. We will successively deal with two major characteristics shaping the value of Δ i : rural versus urban areas (with the implicit assumption that rural areas are more favourable to an insurance role for education returns [de la Brière et al., 2002; Nugent, 1985] ), and the age-group of the child (as a proxy for the education level investment we consider: primary/secondary/universities).
Identification will lie in the following method: the two characteristics, separated and crossed, will be used as a stratification device for the econometric estimations, and the respective signs (and significance) of the HIV/education slopes obtained for each sub-group will be judged as a decisive support of the insurance role of education.
Materials and methods

Data overview
We use the nationally representative cross-sectional data set, the Demographic and Health Survey (DHS), for 12 SSA countries (Burkina Faso [2010; [2010; 2004] , Sierra Leone [2013; , and Zimbabwe [2010/11; 2005] ) to analyse the effect of HIV risk, proxied by local HIV prevalence, on education. The DHS is collected periodically at both the individual and household level. It contains household data on basic characteristics of members of each household and also specific data on both male and female household members between the ages 15 and 49 inclusive. We focus on the 12 subSaharan countries for which HIV testing was carried out in at least a previous wave of the survey, as the information on the lagged HIV prevalence has been necessary for dealing with the endogeneity issue. We focus on individuals between the ages of 7 and 22 inclusive. This large age range allows us to take into account the impact at different educational levels, namely, primary, secondary and tertiary.
3.1.1. Education. The educational system in SSA is quite diverse. It is in general structured around four levels, namely, primary, secondary, technical or vocational, and university with basic tertiary education ending at the age of 22, see Table S1 in the Supplementary Material. Enrolment (attendance) is the usual indicator of education in studies on child labour and schooling (Fortson, 2011) . We use this variable as our dependent variable. The regional average rate of enrolment in the 12 countries ranges from 16.5 per cent in Burkina Faso to 37.0 per cent in Kenya (see Table S2 in the Supplementary Material for further statistics).
3.1.2. Community prevalence. As part of the DHS survey, a voluntary AIDS test was carried out by means of dried blood spot samples collected on special filter paper through blood from a finger prick. Participants were initially selected at random and asked whether they consented to having an HIV test. For confidentiality purposes the results were linked to households after household and community identifiers were scrambled (Mishra et al., 2007) . The communities are non-overlapping districts within the 12 countries and we select in total 108,351 children in 10,442 households in 105 regions.
In order to calculate the regional HIV prevalence, we use the results obtained from the test and reported as part of the survey results. Community prevalence is calculated as the proportion of individuals within the ages of 15-49 in the community who were HIV+ based on tests carried out during the survey, weighted at the community level.
The lower panel of Table S2 in the Supplementary Material gives a summary of the HIV prevalence in the different countries. We focus only on households in which no member has HIV+ status and no member for which HIV status is unknown.
A quick glance at the correlation between regional enrolment rates and regional HIV prevalence rates reveal different relationships. From Figure 1 we see a variance in correlation depending on the region of residence. While HIV originated in central Africa, it has spread to other parts of Africa with varying speed and varying prevalence rates. These variances could generally be due to differences in culture and norms as well as policies. This also means that the relationship between HIV and any other variable could possibly be different depending on the location of the country of residence.
One possible explanation suggested by our theoretical model for the observed heterogeneity in correlations could be explained by differences in appropriation of child income. For this purpose, we split the data based on the age of the child and on the location of the child's residence. This is illustrated in Figure S1 in the Supplementary Material. Remittances from children to parents are shown to vary based on location of residence, with remittances expected to be lower among urban households as compared to rural households (Nugent, 1985) . We find, again, varying relationships. For rural areas, the effect remains mainly positive or insignificant. Finally, when we focus on university aged individuals (UAIs) we seem to find a generally negative or insignificant correlation in all regions except in urban East Africa and in Central Africa where the correlation appears positive (see Figure S1 Panel C in the Supplementary Material). We explore this later in the empirical model.
Econometric model
Given the different start date of the epidemic, the differences in cultural norms and varying trends across the four sub-Saharan Africa (SSA) regions, we group the countries based on these geographical regions. The individuals are nested within households which are in turn nested within regions and countries. We therefore cluster at the household level, controlling for region and country of residence. The clustered probit model allows us to take into account random components at the individual, household, country-specific region and country level. Ignoring the clustering would imply that the independence condition would be violated and the standard errors underestimated (Guo & Zhao, 2000) . We estimate the following equation:
where i represents the individual, j the household, and k the region. In addition to HIV prevalence rates HIV ð Þ, we control for child X i ð Þ, household Z j À Á , community (V c ) and other regional level W k ð Þ characteristics including, age, gender and residency status of the child as well as the child's relation to the household head, the proportion of household members below five years of age, the type of place of residence, the household's income category, and the gender, age and educational level of the household head.
Regarding these main characteristics (see Table S3 and Table S4 in the Supplementary Material for detailed definitions of the variables used and their descriptive statistics), our sample contains children of average age 13.3 years old with slightly more females than males. A third of the households the children, the only health risk information available to them are based on earlier data, we alternatively measure HIV prevalence using the regional level prevalence from the previous DHS wave (HIV
). The DHS not following the same respondents nor villages, the waves do not involve the same clusters, forcing us to go to the regional level.
3.2.1. Non-response: community HIV prevalence. As we are calculating the prevalence rate from sample data, there is the risk of errors in measurement. Not all individuals between the ages of 15 and 49 inclusive, were sampled and tested for HIV. Of those sampled, not all agreed to be tested for HIV. Non-response could bias our estimates and it is important to check for this. Then, we collected the standard-errors for our prevalence data and use monte-carlo simulations to estimate the average regional prevalence after 1,000,000 simulations. We verify that this correction is not driving our results. We find that the results do not change significantly even after controlling for possible nonresponse bias. We therefore proceed with our original model. The results are available on request.
3.2.2. Endogeneity. The statistical statement that 'prevalence affects enrolment' must be confronted with the issue of endogeneity. Among other reasons, the apparent correlations between the two interest-variables could come from an omitted variable. Nevertheless, due to the structure of our model, a classical IV-regression method would also lead to biased results. The IV technique is unable to take into account the multilevel nature of our data collection, especially given that our (possibly) endogenous variable -prevalence -is not defined at the same level as our main dependent variableeducation. To correct for the potential bias, we implement a 'control function approach' that Wooldridge suggests to apply in this case (Wooldridge, 2015) . The control function approach is an adaptation of the IV technique to nonlinear models. It is commonly used in health economics and health services research under the denomination of a 'two-stage residual inclusion' (2SRI) model (Terza, Basu, & Rathouz, 2008) .
We first select instruments that should affect prevalence and not school enrolment. The first instrument is the regional average number of sexual partners per person and the second, the regional condom use rate; both taken from the previous DHS waves. In cases where HIV prevalence from the current wave is our main explanatory variable, we also instrument for prevalence from the previous wave (both are then aggregated at the regional level). At the first stage, we use the instruments to predict the prevalence rates at the country regional level using a fractional probit regression of the form:p
where, in addition to the instruments already discussed, the matrixX k includes community aggregate values of covariates used at the second stage. We then estimate the generalised residuals r k of Equation (8): r k ¼ p k Àp k . We run separate regressions for urban and rural areas. The results of this first-stage regression for SSA are available in the Supplementary Materials (Table S6) . From this table we note that while the lagged prevalence has a positive effect on HIV prevalence for the current wave, it is only significant in rural areas. When we use the previous wave HIV prevalence, we find that both the number of sexual partners and the use of condoms significantly affect HIV prevalence, irrespective of place of residence. The regional results are available on request.
At the second stage we use the predicted prevalence rates as our covariate of interest, see Table S7a and S7b in the Supplementary Material for results pertaining to SSA. The regional results are available on request. The second-stage regression is a multilevel model as in the original equation: children live in are located in rural areas with 72.5 per cent of them headed by males. About 32.0 per cent of the household heads are educated.
To fit with the insurance-demand behaviour summarised in Proposition 2, we first run a model in which the HIV prevalence is measured by the community (cluster) level prevalence of the current DHS wave (HIV T ). However, recognising that when the parent makes a decision on the schooling of where the inclusion of r k ensures that the estimation of the slope, η, significantly different from 0 is not artificial (not only generated by hidden correlations between error-terms in the data generating process of the two variables of interest). To test for endogeneity of regional HIV prevalence, we use the heteroscedasticity-robust t statistic on r k (Wooldridge 2015) . Our regressions are run in STATA 14.
Results
The results of the initial model are presented in Table 1 . A simple probit model is first estimated for Equation (9). This group of results generally shows an insignificant relationship between community HIV prevalence and household's decision to enrol their children in school in rural areas and a positive relationship for children in urban areas for children of middle school age (14-17 year olds).
As previously discussed, one of the main drawbacks of this model comes from the fact that, when parents are making decisions concerning the schooling of their children, the only information on HIV prevalence available to them is that from previous years. To account for this, we rerun the models using prevalence registered from the previous waves of DHS, as our variable of interest. Results of this second probit model are also reported in Table 1 .
Interestingly the only significant effect we find when we use prevalence data from the current wave is for urban middle school aged children, where it is positive. When we switch to prevalence data from the previous waves, we find a positive effect for primary school aged children (7-13) in both urban and rural areas, the effect is negative and significant for middle school children in rural areas and remains insignificant for university aged children. This second probit model seems to provide better significance in the estimates and to confirm the idea of signs of slopes depending on age and areas.
To deal with the (possible) endogeneity issue, we decided to run the 'control function' model, added to the use of prevalence at period T-1 which seems to be informationally more relevant. The results are presented in columns 3-5 of Table 2 , for SSA as a whole and for the four sub-regions of Africa. Results with prevalence measured at period T-1 are presented in columns 6-8 of Table 2 .
Taking SSA as a whole, we re-observe 'inconsistencies' in slopes: across regions in SSA for the different age groups between rural residents and urban residents. On the whole (SSA) sample, the control function approach confirms a positive effect for the youngest children that becomes negative for older ones. These effect are significant for young children and old children when using prevalence from the previous waves.
We use interaction effects to compare the coefficients across the different groups in each region to check whether the results obtained from urban areas are indeed different from those of rural areas. The 
results are reported in Tables S5a and S5b in the Supplementary Material. We find that there are generally significant differences across age and location.
We then split our sample, depending on African regions. This confirms our results. Positive coefficients for young (7-13) children in rural areas appears highly significant in areas where the HIV epidemic is worst (Central and Eastern Africa). Similarly, the negative effect of prevalence on school enrolment for the oldest children turn out significant in some of the areas.
Our test of instrument strength indicates that both the number of sexual partners and the rate of use of condoms are strong instruments for HIV prevalence. These results are presented in Table S8 of the Supplementary Material. Endogeneity/exogeneity tests indicate that regional HIV prevalence is generally endogenous (in urban West Africa and rural East Africa). These results are presented in Table S9 of the Supplementary Material.
Our results seem to indicate that Western Africa has a particular feature. An increase in HIV prevalence leads households to reduce their educational investments in older children, having in mind that we consider families not affected by the disease. This sub-region of Africa has, however, the lowest levels of HIV prevalence. In regions where the disease has already had a devastating effect (or where the disease is still raging), the increase in health risks seems to lead to an increase in educational investments especially in rural areas.
The insurance role for education appears to be very strong for primary education investment. In late secondary school to university, any educational investments might prove futile for the parent as appropriation is more difficult (child individualism). They would also most likely be dead by the time the child starts working and gets returns form schooling investment. These results obtained on sub-samples were at the origin of what we called earlier the 'empirical puzzle', which stimulate our effort to build a theoretical model dealing with a changing appropriation. For the subgroup of children who are highly appropriable, the insurance role of education can lead to a positive and significant relationship between the probability of becoming HIV+ and educational investment. 
Conclusion
We have analysed the impact of health risk, and specifically HIV/AIDS risk, on education, taking into account the fact that education of children can act as a form of insurance against shocks, and in this particular case, health shocks in old-age. We first built a theoretical model where active adults invest in the education of their children. We find that in the absence of extra appropriation in the case of ill health, an increase in the probability of falling ill leads to a reduction in the time children spend in school. However, when there is an opportunity for extra appropriation in bad health events, we have that health risk may in some cases lead to an increase in the amount of education, especially when a family's response in terms of required remittance (the extra amount appropriable) is very high. We test the idea that an increase in the probability of falling ill can lead to an increase in educational investments and find that (i) for children in urban areas the effect is either negative and significant or generally insignificant in SSA regions that currently or previously had high disease prevalence but that (ii) we find a positive and significant effect in the rural areas of these regions. For Western Africa where the disease prevalence has generally been low, we find a negative effect across the two areas of residence. Controlling for possible endogeneity, we find a negative effect of community HIV prevalence on enrolment, but still a positive effect among rural children in all regions but West Africa.
We therefore verify the conventional result of a negative relationship between education and HIV prevalence, as in Fortson (2011) , for a sub-sample of children: children living in West Africa. But we enrich it for children of another type: children in rural areas in the other SSA regions for whom the relationship seems to be positive (a result already emphasised by some [Bennell, 2004; Bennell, Hyde, & Swainson, 2002] ).
This empirical 'puzzle', that is this surprising non-monotonicity, opens the door to a new theoretical reasoning different from the usual one explaining how households cope with health shocks. Our interpretation of these results is that, depending on how appropriable the income of one's child is, education acts as an insurance asset, providing protection in bad events. This attribute could reverse the sign of the relationship between disease prevalence and schooling, as exhibited by the different subgroup estimates. Our theoretical model provides one possible explanation of such a mechanism.
These results suggest that the role of remittance systems on educational investment decisions would be an interesting avenue to explore. In our empirical setting, we have proxied differences in appropriateness by exogenous characteristics (urban/rural areas) that have been proven in other papers to be related to appropriateness. However, more attention needs to be paid to our key mechanism of 'changing appropriateness', for example by analysing to what extent (and based on which characteristics) remittances change depending on the health status of parents at old-age. To fully test for the existence of an insurance nature of education (through changing appropriation, in relation to parental health) more data would be needed. Full identification would require panel data on remittances, on health risk before infection, and initial health status.
Last, regarding the policy implications of our work, it seems worth emphasising that the general picture we obtain is that HIV/AIDS indeed has a negative impact on school enrolment for male children in urban households. When we obtain a positive effect of HIV risk rate (community prevalence), we must keep in mind that the estimated coefficient evaluates the actual consolidation of different forces, sometimes positive (insurance effect) and generally negative (income effect, supply side effect on the educational sector). This is clearly demonstrated by the various stratifications of the estimations, showing that the positive effect only dominates for children in rural areas. In brief, the findings of this paper clearly do not support a decrease in schooling assistance in least developed countries. To the contrary, the lesson is that supply-oriented policies should be favoured, as the demand for education can be partly self-sustained, given the insurance effect.
